We investigated the effect of blueberries (BB) on lipids and oxidative stress parameters in hypercholesterolemic guinea pigs. The animals were fed for 75 d on a high-cholesterol (HC) diet supplemented with fresh BB. BB reduced oxidative stress and cholesterol accumulation in the aorta and liver of the guinea pigs. This effect may be related to its antioxidative potential and lipid-reducing effect.
Blueberries (BB; Vaccinium corymbosum L.) contain polyphenols and flavonols. The use of BB has been suggested to be useful in oxidative stress-related conditions. 6, 7) This state is attributable to the powerful antioxidative action of the constituents in BB. 6, 7) Although some controversial findings have been reported, 8, 9) some studies have shown that BB has also had hypolipidemic action. [10] [11] [12] One group has reported that BB showed an antiatherogenic effect on apo E-deficient mice, 13) although no study has reported the effect of BB on experimental HC-induced atherosclerosis. We therefore investigated whether a dietary BB treatment would have any ameliorating effect on the serum lipid profile, atherosclerosis formation and fatty liver in guinea pigs fed on an HC diet.
Fresh northern highbush Patriot BB (Vaccinium corymbosum L.) were donated by Gedik Flora (Istanbul). They were homogenized for 3 min with a blender. The homogenate was mixed with powdered guinea pig feed in a mixer, dried and prepared as a pelleted feed containing 8% BB (w/w) by Barbaros Denizeri A S (Istanbul). Cholesterol and other chemicals were obtained from Sigma-Aldrich (USA).
Male Dankin Hartley guinea pigs weighing 500-600 g (4-6 months) were obtained from the Experimental and Medical Research Center at University of Istanbul. They were assigned to four groups (n ¼ 6 in each group): (a) the control group was fed with commercial guinea pig feed containing 11% moisture, 10% crude ash, 15% protein, 3.5% crude fat, 47% carbohydrate, 7.5% cellulose, 3.5% salt mixture and 2% vitamin mixture supplemented with ascorbic acid (AIN 76); (b) the BB group was fed with commercial feed containing 8% BB (w/w) which was formulated by replacing 8% sucrose in the control diet with 8% BB; (c) the HC group was fed with a diet containing 1.25% cholesterol; (d) the HC+BB group received a diet containing 8% BB and 1.25% cholesterol (w/w). The sucrose content of each diet was also adjusted and the diets were stored at 4
C. This study met the guidelines of the Animal Care and Use Committee of the University of Istanbul. At the end of the 75-d feeding period, the animals were fasted overnight and anesthesized with sodium pentobarbital (50 mg/kg; i.p.). Blood was collected in dry tubes by cardiac puncture. The liver and aorta were rapidly removed, washed in 0.9% NaCl, kept in ice and stored at À70 C until needed for analysis. The serum total-, LDL-and HDL-cholesterol and triglyceride (TG) levels, and the aminotransferase activities were measured with a Cobas Integra 400 instrument (Roche, Germany). The livers were homogenized in ice-cold 0.15 M KCl (10%, w/w). Lipids were extracted with chloroform:-methanol (2:1) 14) and the cholesterol and TG levels were assayed by using kits provided from Bio-Science Medical (Madrid, Spain). The malondialdehyde (MDA) level was measured by a thiobarbituric acid test 15) and the diene conjugate (DC) level was spectrophotometrically determined in the lipid extract at 233 nm.
16) The glutathione (GSH) level was measured at 412 nm.
17) The hepatic superoxide dismutase (SOD), 18) glutathione peroxidase (GSH-Px) 19) and glutathione transferase (GST) 20) activities were determined in the postmitochondrial fraction. The protein levels was determined by using bicinchoninic acid.
21) The aorta and liver tissues were fixed in a 10% buffered formalin solution, embedded in paraffin, sectioned and stained with hematoxylin and eosin (H&E). Data in the groups were compared by using one-way ANOVA and subsequent Tukey's multiple comparison post hoc test.
y To whom correspondence should be addressed. Fax: +90-212-6215642; E-mail: m.mujdatuysal@hotmail.com Guinea pigs are relatively susceptible to the development of HC-induced atherosclerosis 22, 23) and they carry the majority of their serum cholesterol in LDL like humans. 22) The guinea pigs were fed in this study on an HC diet, the results obtained being shown in Table 1 . The serum cholesterol, LDL-cholesterol and HDLcholesterol levels and aminotransferase activities were all increased, but the TG level remained unchanged by feeding the HC diet. This diet that elevated the hepatic cholesterol, TG, MDA and DC levels, had no effect on the hepatic GSH level or SOD and GSH-Px activities, but it decreased the GST activity. There was marked steatosis in the liver of the HC group when histopathologically compared to the control animals. Significant increases in the aortic cholesterol and DC levels were also apparent due to the HC diet. The aorta of the HC animals histopathologically showed spaces of fat droplets within the tunica intima and media. These findings indicate that hypercholesterolemia disturbed the prooxidant-antioxidant balance in favor of prooxidation in the tissues together with atherosclerotic changes in the aorta of guinea pigs.
Although there have been several studies about the antilipidemic [10] [11] [12] and antioxidative 9, 10, 12) effects of BB reported in the literature, there has only been one study investigating the antiatherogenic effect of BB. Wu et al. A1: the aortas showed spaces (45-55%) of fat droplets within the tunica intima (i) and media (m). A2: the aortas showed fewer spaces (10-15%) of fat droplets. B1: there was marked steatosis (85-90% as a percentage of liver cells containing fat) in the liver. B2: the fat accumulation in the liver was less than that in the HC group (45-50%). Normal aorta and liver structures were histopathologically apparent in the control and BB groups (data not shown).
have reported that dietary supplementation with 1% freeze-dried BB for 20 weeks decreased aortic lesions without any change in the serum lipid profile of apolipoprotein E-deficient mice. These authors reported decreased hepatic lipid peroxidation together with upregulation of the genes of some antioxidative enzymes in the aorta. The authors accordingly have suggested that the atheroprotective effect of BB may have been related to its antioxidative effect, but not to its antilipidemic effect. 13) HC guinea pigs were fed in the current study with a diet containing 8% fresh BB. This BB concentration was chosen from the results of previous studies defining 5-10% whole fresh BB as an effective concentration. 8, 11) The consumption of BB in the feed was roughly equivalent to 3.8-4 g of fresh BB/day per guinea pig. Although BB alone did not alter the lipids and oxidative stress parameters in the serum and tissues, significant decreases in the serum cholesterol and LDLcholesterol levels were found in the HC+BB group, although the serum HDL-cholesterol and TG levels remained unchanged. Serum aminotransferases were decreased by the BB treatment and BB decreased the hepatic cholesterol, TG, MDA and DC levels as compared to the HC group. The hepatic GSH level remained unchanged, but the GST activity increased. The hepatic SOD and GSH-Px activities tended to increase, although not significantly, in HC+BB group. BB caused significant decreases in the aortic cholesterol and DC levels of the HC guinea pigs. Histopathological observations showed decreased hepatic steatosis and an amelioration of aortic atherosclerotic lesions in the HC+BB group. Such mechanisms as decreased hepatic cholesterol synthesis and increased cholesterol excretion from the body 11) as well as suppressed fatty acid synthesis and enhanced mitochondrial fatty acid oxidation 24) may have been responsible for the antilipidemic effects of BB. BB has been found to have a powerful antioxidative action which may have been due to free radical scavenging properties of its polyphenols and flavonoids. Increased lipid peroxide and oxidized LDL levels are well known to play an important role in atherogenesis 1) BB has also been found to increase the antioxidative power and to decrease the prooxidative state in the serum and liver of hyperlipidemic rats.
12) It has also caused decreased oxidized LDL and lipid peroxide levels in the serum of patients with metabolic syndrome. 9) In conclusion, BB dietary supplementation to guinea pigs fed on an HC diet displayed an antiatherogenic effect which may have been related to its antioxidative and antilipidemic actions.
